Abstract Mycorrhizal fungi are widespread in agricultural systems and are especially relevant for organic agriculture. A study was conducted to assess diversity in the arbuscular mycorrhizal (AM) fungi associated with coconut and arecanut intercropping systems of Kasaragod and Thiruvananthapuram districts of Kerala. Mycorrhizal parameters like spore density, root colonization, species richness, and relative occurrence of species were recorded. Coconut cropping system was found to be densely vegetated with diverse AM fungi, Glomus spp., Gigaspora spp., and Acaulospora spp. The diversity of fungal species was found to be maximum in the high density multiple species cropping system plot of CPCRI, Kasaragod with coconut as the main crop and banana, pepper as intercrops and least in farmers' plot of Mogral Puthur, Kasaragod with arecanut as main crop and banana as the intercrop. A total of fourteen AM fungi were identified from coconut and arecanut intercropping systems. Glomus aggregatum, Funneliformis mosseae, and Rhizophagus fasiculatum were observed in both the cropping systems studied. Among the six edaphic factors analysed, an inverse relationship of mycorrhizal population with soil pH and soil phosphorous was observed. An abundance of P-solubilizers, fluorescent Pseudomonas spp., N-fixers, Bacillus spp., and Trichoderma spp. were observed in the rhizosphere, with Bacillus spp. showing the maximum association with AM fungi. The higher AMF colonization in coconut cropping system imply that the AM fungi colonization is primarily dependent on the host plant rather than the climatic/edaphic components of an area.
Introduction
Coconut and arecanut are the important plantation crops grown in the state of Kerala. The plant-microbial relationship can play a very important role in crop performance. Often the relationship is symbiotic. Among the active microorganisms in the soil there are three main groups that are more or less directly involved in the palm's nutrient supply: nitrogen-fixing bacteria in the rhizosphere, phosphate solubilizing fungi, and arbuscular mycorrhizal fungal association that help in the absorption of phosphorus and other immobile elements. The symbiosis of plant with arbuscular mycorrhizal (AM) fungi is the widest spread symbiosis in natural ecosystems [11] . AM are associations where Glomeromycete fungi produce arbuscules, hyphae, and vesicles within root cortex cells [23] . Studies on microbial interactions in the mycorrhizosphere have focused on exotic populations of beneficial soil micro-organisms, plant growth promoting rhizobacteria [15] , and phosphate-solubilizing bacteria [30] . Relationships between native soil microbe communities and AM fungi have received less attention [19] and it is not known whether members of a native soil bacterial flora show preference for native or exotic AM fungi. Different bacterial populations may establish themselves under the influence of different plant-AM fungus combinations [25] . Control of AM fungi over the nature and quantity of root exudates and subsequent competition between K. Ambili (&) Á G. V. Thomas Á P. Indu Á M. Gopal Á A. Gupta Microbiology Section, Central Plantation Crops Research Institute, Kudlu P.O., Kasaragod 671124, Kerala, India e-mail: ambiliharidas@gmail.com bacteria and AM fungi for this C source may determine the size and composition of bacterial populations in the rhizosphere [5] . There are also reports on the bacteria associated with AMF spores which have been found in the cytoplasm of AMF spores [2] .
AM symbiosis can improve host responses to other environmental limitations, like drought, salinity, pollutants, erosion, and infection by pathogenic fungi [15] . AM fungi in symbiotic association with plants affect the hormone level; increase the level of cytokinins [1] and alter level of gibberellins and abscissic acid.
Arbuscular mycorrhizal associations have been well reported in palms, such as Cocos nucifera L. [29] , arecanut [3] , and, more recently in some tropical palms [10] under natural conditions.
In India, a number of fungi belonging to four genera viz., Glomus, Gigaspora, Sclerocystis, and Acaulospora have been found to form mycorrhizal associations with coconut [9] . The occurrence of a mixed population of AM has been commonly recorded from the coconut rhizosphere soils. Research on genotypic dependency of AMF in coconut revealed higher colonization rate in tall varieties compared to dwarf ones [28] . The quantitative and qualitative distribution of AMF also varied in response to a single crop or a combination of intercrops [21] . Present study focused on the distribution of arbuscular mycorrhizae in coconut and arecanut based cropping systems. The main aim of the study was to compare the species richness and diversity of AMF within the cropping systems and also to enumerate the plant beneficial micro-organisms in the rhizosphere of the plants.
Materials and Methods

Study Site and Sampling
Samples were collected from farmers' fields of coconut and arecanut based cropping systems of Kasaragod and Thiruvanathapuram districts to study the mycorrhizal spore load as well as root colonization.
Rhizospheric soil samples as well as root bits were collected to study the mycorrhizal association. Three replications per crop from each cropping system were analysed. Samples were collected from a soil depth of 0-25 cm from the rhizosphere of each crop, and stored in polyethylene bags.
Rhizospheric Edaphic Features
Physico-chemical parameters of the soil samples namely soil pH (Eutech instruments pH tutor), Electrical conductance (Eutech instruments), Organic carbon [32] , Soil available phosphorous [4, 17] available potassium [8] , and Nitrogen were estimated [12] .
Mycorrhizal studies
Isolation of arbuscular mycorhizal spores was done by wet sieving decanting technique [7] . The identification was based on spore color, size, surface ornamentation, and wall structure with reference to the description and pictures provided by International Collection of Vesicular and Arbuscular Mycorrhizal Fungi (http://invam. caf.wvu.edu) and the original species descriptions [24] . Roots were stained for mycorrhizal infection [20] . AMF structures like vesicles and hyphae were recorded. Percentage of root colonization was calculated using the formula.
Frequency of root colonization
¼
Number of root bits having colonization Number of root bits observed Â 100
Analysis of Soil Microflora
Rhizospheric soil samples were enumerated for the presence of beneficial microbes. Population estimation was done by plate count method. Soil samples were serially diluted and pour plated on Jenson's agar, Pikovskya's agar, Kings B, Nutrient agar and Trichoderma-specific medium for the isolation of N-fixers, P-solubilizers, fluorescent Pseudomonas spp., Bacillus spp., and Trichoderma spp., respectively.
Data analysis
Pearson's correlation analysis was used to relate AMF spore load and frequency of root colonization with edaphic factors under each cropping systems. The statistical analysis was based on significant levels of P \ 0.05. The relationship between mycorrhizal fungi and soil microflora were also analysed. The diversity of AM fungi in the cropping systems was assessed based on diversity indices
where, C = 3.32192 9 (constant used in converting log 10 to log 2). ''ni'' is the number of species in the'ith' species and ''N'' is the total number of individual [14] Frequency of occurrence (%) ¼ Number of soil samples possessing spores of a particular species Total number of samples analysed Â 100
Relative abundance (%)
¼
No of spores of particular species Total number of spores Â 100
Results and Discussion
Coconut and arecanut based cropping systems of two districts of Kerala were studied for their arbuscular mycorrhizal distribution. The details of the sampling site along with its nutrient management practices is furnished in Table 1 . The analysis of soil physico-chemical and mycorrhizal parameters are given in Table 2 . Arbuscular mycorrhizal abundance were observed in 93 soil samples with a spore load, ranging from 33.83 ± 10.84 to 154.5 ± 7.01 spores/10 g soil. All the plant roots observed were mycorrhizal except in arecanut at Mogral Puthur. Pearson's correlation of mycorrhizal spore load with root colonization and soil edaphic factors is represented in Table 3 . Frequency of root colonization was found to be negatively correlated with mycorrhizal spore load in majority of cropping systems studied. Among the six rhizospheric edaphic factors analysed, soil P and soil pH was found to have a negative correlation with spore load. Total organic carbon content and electrical conductance showed insignificant correlation; however spore load at Patena plot was found to be negatively correlated with electrical conductance at P B 0.05. Total Nitrogen content was found to be negatively correlated with frequency of root colonization with a significant relation at Keloth. Soil K is often reported to have a stimulatory effect on AM fungi variables [18] and a minimum soil K is often prerequisite for mycorrhizal colonization. However, present data showed that mycorrhizal parameters were independent of available potassium.
AM fungi and Beneficial Microflora
Enumeration of rhizospheric soil samples showed an abundance of soil microflora. Relation between AMF and beneficial microflora is represented in Table 4 . Earlier works have reported the presence of different functional groups of bacteria such as nitrogen-fixing bacteria [27] , plant growth promoting rhizobacteria, phosphate-solubilizing bacteria [13] associated with the rhizosphere of different plants colonized by AMF [25] . Some of the N-fixing, Bacillus spp., fluorescent Pseudomonas spp., Trichoderma spp., and P-solubilizers obtained in this study site are shown in Fig. 1 . In coconut cropping system, a significant correlation could not be drawn for the beneficial microflora and AMF population. However, in arecanut cropping system, a negative correlation existed in AMF population with Trichoderma spp., fluorescent Pseudomonas spp., and nitrogen fixers. A positive correlation was observed for P-solubilizers. Studies have reported an increase in P-solubilizers in arecanut cropping system with increase in intercrops [22] .
Colonization and Spore Density
AMF association in the cropping system was assessed by spore density (spore load) in the rhizospheric soil and by root colonization characterized by arbuscules, vesicles and hyphae. Root colonization percentage in coconut cropping system was the maximum at Azad Nagar (77.76 ± 2.96) and least at Patena plot 2 (48.6 ± 10.16). In arecanut cropping system, the maximum spore load was observed in Keloth plot (58.33 ± 15.2). The fungal spore density ranged from 40.4 to 154.5 spores per 10 g in coconut cropping system and a range of 33-44.5 spores per 10 g soil in arecanut cropping system. There are many factors that could affect spore density in a given host rhizosphere. Values for arbuscular mycorrhizal fungal spore density have varied greatly in previous reports [31] .
AMF Species Richness and Diversity
Distribution of AM fungal species in coconut and arecanut cropping systems of two different districts of Kerala are represented in the Table 5 . Species richness was the maximum at HDMSCS plot. AM fungal diversity varied with difference of sites ( Table 5, 6 ). Most of the spore morphotypes were common to all sites, and few were specific. Altogether 14 AMF species (Fig. 2) were identified from 93 samples analysed. All spores belonged to the Glomineae order, represented by Glomaceae, Claroideoglomeraceae, Diversisporaceae, Acaulosporaceae, and Gigasporaceae families. Simpson's diversity index (Ds) and Shannon's diversity index (Hs) in coconut cropping system was in the range of 0.89-0.98 and 1.9-4.25, respectively. In arecanut cropping system, the index value of ''Ds'' and ''Hs'' ranged from 0.81 to 0.93 and 1.39 to 3.44, respectively. The variation in AM fungal diversity in rhizosphere soil of a particular plant in different locations may be due to the influence of adjoining plants [30, 31] . Earlier studies have reported the occurrence of Glomus and Acaulospora spp. in coconut cropping system [29] . Interestingly, species diversity was more in coconut cropping system than in arecanut cropping system. Studies have reported that the host root structure can influence the mycorrhizal morphology. The relative abundance and frequency of occurrence of the fourteen identified AMF species is depicted in Table 7 . An increase in number of intercrops increased the AMF diversity, this can be due to the fact that an increase in intercrops over a cropping system increases the microbial yield of a place due to the greater availability of root exudates for microbial survival. Overall, Glomeraceae was the dominant family with a frequency of occurrence of 33.5 % and 38.5 % in coconut and arecanut cropping systems respectively. The reports of earlier workers also revealed that Glomus is the dominant genus occurring in Indian soil [16] . Acaulosporaceae dominated next with an occurrence frequency of 14.5 % in coconut and 6.8 % in arecanut cropping systems. AM spp. of the family Gigasporaceae (5.1 %) and Diversisporaceae (2.3 %) were observed only in coconut cropping system, while members of the family Clarideoglomeraceae (1.7 %) were observed only in arecanut cropping system. The relative abundance of the most dominant genus Funneliformis was higher in coconut cropping system (51-52.5 %) when compared to its abundance in arecanut cropping system (19.1 %). It was followed by the second most frequented genus Glomus, with h Acaulospora laevis, CCS, HDMSCS. I Rhizophagus fasiculatum, CCS, HDMSCS, CPCRI. J Gigaspora giganteae,HDMSCS, CPCRI. k Acaulospora denticulata, HDMSCS,CPCRI. l Diverssipora, eburneum, Azad Nagar. m Gigaspora decipiens, HDMSCS, CPCRI. n Glomus sp., CCS, Velanad a relative abundance of 24 % and 20.03 % respectively in coconut and arecanut cropping systems. Glomus aggregatum (3-5 %), Funneliformis mosseae (5-8.2 %), and Rhizophagus fasiculatum (5.4 %) were uniformly abundant in both the cropping systems. Diverssipora eburneum (2.3 %), Funneliformis caledonium (8.4 %), G.macrocarpum (8.5 %), Gi.giganteae (2.5 %), Gi.decipiens (2.3 %), A.bireticulata (7.9 %), A.scorbiculata (5 %), and A.laevis (1.6 %) were found to be associated with coconut cropping system. Claroideoglomus luteum (1.7 %), A.scorbiculata (6.8 %) Rhizophagus clarus (12 %), Glomus multicaule (9.8 %) were found to be associated with arecanut cropping system. Our studies were in tandem with other reports which revealed that differences in host plants may alter the spore population at a particular place [6] .
Conclusions
AMF colonization studies have been reported in coconut cropping systems, but few works throw light on the mycorrhizal association in arecanut cropping systems. This study also reveals that AM Fungal colonization pattern is inversely related to soil pH and available phosphorous in the soil. Our studies suggest that AMF colonization and species richness is more in coconut cropping systems compared to arecanut cropping systems. It was observed that the spore load and spore diversity were not related and diversity increased with the increase in number of intercrops irrespective of the cropping systems studied. Glomeraceae and Acaulosporaceae families were preponderent in both the cropping systems. However, Gigasporaceae was solely present in coconut cropping system. Glomus aggregatum, Funneliformis mosseae, and Rhizophagus fasiculatum were the uniformly abundant genera in both the cropping systems. Enumeration of the soil microflora revealed that the population of P-solubilizers and AMF spore density were positively correlated in arecanut cropping system, however there was no relationship between soil microflora and AMF species in coconut cropping system. CCS coconut cropping system, ACS arecanut cropping system a Number of soil samples possessing spores of a particular species divided by total number of samples analysed 9100 b Number of spores of a particular species divided by total number of spores 9100
